Summary Many tumour-specific antigens in gastrointestinal cancers have carbohydrate immunodeterminants. These epitopes can be identified by lectins and monoclonal antibodies. By using fluoresceinisothiocyanate (FITC)-conjugated peanut agglutinin (PNA) and sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) we have investigated glycoproteins carrying altered carbohydrate epitopes in normal and carcinomatous human colorectal mucosa.
The search for tumour-specific markers of gastrointestinal cancer has revealed that many of the promising new markers have carbohydrate immunodeterminants (ABO antigens, Lewisa and Lewisb antigens, T-antigen and CA 19-9) (Hounsell et al., 1982; Coon & Weinstein, 1984; Springer, 1984; Atkinson et al., 1982) .
The carbohydrate binding site of peanut agglutinin (PNA) is most complementary to the sequence galactose f1-3-Nactylgalactosamine (Pereira et al., 1976) , the immunodeterminant structure of T-antigen, which is commonly expressed in many human carcinomas but not in normal tissue where it is covered by sialic acid residues (Coon & Weinstein, 1984; Springer, 1984) . According to Pereira et al., (1976) PNA also demonstrates specificity to a lesser degree for other terminal, nonreducing galactosyl-containing oligosaccharides, particularly for the structure galactose f1-4-Nacetylglucosamine, galactose ,B1-3-N-acetylglucosamine and galactose.
The molecular functions of T-antigen at a cellular level are largely unknown but its presence in human carcinomas frequently correlates with the carcinomas' aggressiveness (Springer, 1984) . In addition, cell surface glycoconjugates from a highly metastatic rat mammary adenocarcinoma (Steck & Nicolson, 1983) and from murine Eb lymphoma cells (Schirrmacher et al., 1982) are known to strongly express PNA-binding sites.
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) is being widely used for detecting glycoproteins (Laemmli, 1970) . Several groups have compared normal and transformed cells in culture, but little work has been done directly with solid tumours.
We therefore have compared normal and carcinomatous human colorectal mucosa with SDS-PAGE and PNAlabelling in order to detect possible tumour-associated glycoproteins. Here we report the identification of four carcinoma-associated glycoproteins with specific PNAbinding sites.
Materials and methods
Tissue samples Fresh specimens of normal and carcinomatous colorectal mucosa, obtained at surgery from 5 patients with colorectal carcinoma were processed without delay. Half of each specimen of normal colorectal mucosa or carcinoma was immediately snapfrozen in liquid nitrogen and stored at -70°C until use. The other half of each specimen was fixed in formalin and embedded in paraffin for conventional histological staining procedures and lectin histochemistry.
The histopathological diagnosis of colorectal carcinomas was confirmed and the histological grade of the tumours was assessed using haematoxylin-eosin stained tissue sections. The samples of normal colorectal mucosa consisted of resection surfaces, at a distance of at least 10cm from the adjacent carcinoma. The 5 colorectal carcinomas included one rectal carcinoma, 2 sigmoid carcinomas, one carcinoma from the ascending colon and one from the caecum. Two tumours were well differentiated and 3 tumours were moderately-well differentiated.
PNA-staining procedures in histological specimens and fluorescent microscopy Fluorescein-isothiocyanate (FITC)-conjugated peanut agglutinin (PNA) from Arachis hypogaea, specific for galactose fll-3-N-acetylgalactosamine, was obtained from Vector laboratories, Burlingame, CA (Sharon et al., 1972; Lotan, 1979) . FITC-lectin solution was prepared in PBS at a concentration of pmg ml -1. The working concentration used in this study was 200 pg ml-1 in PBS. The sugar binding specificity of PNA was confirmed by the absence of fluorescent staining in tissue sections after preincubation of the lectin with a specific 0.2 M galactose solution, and by the positive fluorescent staining subsequent to preincubation with non-specific 0.2 M solution of a-methylmannoside.
Five pm thick tissue sections were cut from paraffinembedded tissue specimens. These were then mounted on glass slides, deparaffinized by two 10 min washes in xylene and rehydrated by serial 2 min washes in graded alcohols, followed by three 5 min washes in PBS (pH 7.2). The hydrated tissue sections were covered by FITC-PNA in a moist chamber, at room temperature for 20 min, the unbound lectin was then washed off with PBS and the slides were mounted with PBS-glycerol (pH 8.0). Lectin binding was also studied after desialylation of the specimens. Tissue sections were covered by 50 u1 of Vibrio cholerae neuraminidase 1 UT ml-1 (Test-Neuraminidase4, Behringwerke AG, West Germany) in a moist chamber, at room temperature for 30 min and then washed in PBS before being labelled with PNA. The stained slides were examined with a Zeiss epifluorescence microscope. The entire tissue section was examined, and the overall percentage of positively stained tumour cells for the entire section was estimated. The intensity of labelling was scored from 0 (absent) to 4 + (strong fluorescence). Interstitial stroma and red blood cells served as intrinsic controls.
Analysis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and PNA-labelling About 100mg of normal and carcinoma tissues from each patient were homogenized with a glass homogenizer in 400I1 of 1% Triton X-100 (in 10mM PBS, pH7.4) containing a mixture of protease inhibitors (phenylmethylsulfonyl fluoride, phenanthroline and N-ethylmaleimide, 2mM each) (Sigma Chemical Co., St. Louis, MO, USA). Aliquots of the homogenates were mixed with an equal volume of Laemmlisample buffer and boiled for 10min in the presence of 2% mercaptoethanol. Anfter centrifugation for 10 min at 10,000g in an Eppendorff-centrifuge, the supernatants were taken and stored frozen (-20°C) until use.
Aliquots (50 l) of each sample were analyzed using a discontinuous system of Laemmli (1970) , which comprised of a 9% separating gel and a 5% stacking gel. The separated proteins and molecular weight standards (Sigma MW-SDS-200) were stained with Coomassie Brilliant Blue according to Fairbanks et al. (1971) . The separated proteins were electroeluted from the slab gels with a constant current of lOOmA for 6 h at + 4°C, using Bio-Rad's transfer apparatus and 25mM Tris-HCl/1 92mM Glycin (pH 8.3) as a transfer medium.
Following electroelution, nitrocellulose sheets were rinsed with PBS and water, and then air dried. For lectin overlay, the sheets were incubated in PBS for 30 min before subjecting to 2% bovine serum albumin (in PBS) (Sigma Chemical Co., St. Louis, MO, USA) for 2 h at + 20°C to block background labelling. After rinsing with PBS, the sheets were incubated with fluorescein-conjugated peanut agglutinin (Vector Laboratories, Burlingame, CA, USA) at 200 jig ml -in PBS containing 0.01% NaN3 (sodium azide) for 12-16h at +4°C. Unbound lectin was removed by washing three times, 10min each, with 0.1% Triton X-100/PBS and finally with PBS alone.
The labelled proteins were visualized by irradiation under UV-light (366nm) and photographed using a 400nm UVfilter and Kodak Tri-X Pan film. To exlude that the labelled proteins are derived from contaminating blood cells, red blood cell membranes were solubilized identically and subjected to lectin overlay either with or without desialylation in 50mM 12S04-solution for 1 h at + 80°C.
Results

PNA-staining patterns in histological specimens
The specimens of normal mucosa consisted of mucosa, muscularis mucosa and varying amounts of submucosal connective tissue. Within the mucosa goblet cell epithelial layer rests upon the basement membrane and underlying lamina propria. The samples of carcinomatous tissue exhibited various degree of mucin production and fibrous stromal reaction. The results of PNA-staining in histological specimens are presented in Table I . In all specimens of normal mucosa PNA stained cellular glycoconjugates in the supranuclear (Golgi) region of goblet cells (Figure 1 ). After neuraminidase treatment the PNA-reactivity was found in goblet cell mucin (mucin goblet itself) at all levels of the crypt (Figure 2) .
In colorectal carcinomas PNA-staining consisted of a fine linear fluorescence of apical cell membranes in carcinomatous glands and fluorescent intraluminal secretions (Figure 3) (Figure 4) . Only quantitative differences were observed between the normal and carcinomatous tissues. Neither tumour nor normal tissuespecific proteins were detectable by protein staining. PNAlabelling of the resolved proteins revealed 4 carcinomaassociated polypeptides of low molecular weight (26kD, 32kD, 35kD and 5OkD) in 4 out of the 5 carcinomas. In one carcinoma (patient c) only one tumour-associated polypeptide (26kD) was detectable, however.
In addition to some weakly labelled bands of high molecular weight 4 prominent polypeptide bands could be visualized both in normal and carcinomatous colorectal mucosa ( Figure 5 ). The molecular weights of these polypeptides were 29kD, 30OkD, 33kD and 36kD and they were more intensely stained in colorectal carcinomas than in normal mucosa.
To exclude the possibility that the tumour-specific proteins did not derive from contaminating erythrocytes, red blood cell membranes were also subjected to SDS-PAGE and PNA-labelling, -No specific PNA-staining of these polypeptides was observed without desialylation ( Figure 5 ). The tumour-associated proteins also differed in their molecular weight from red cell membrane glycoproteins which bind PNA after desialylation ( Figure 5 ).
Discussion
The present findings confirm the results of Cooper (1982) and our own earlier studies (Kellokumpu et al., 1986a, b) as regards the binding of PNA to cellular glycoconjugates in histological specimens. These findings indicate the ability of PNA to bind to incompletely glycosylated glycoconjugates in the supranuclear (Golgi) region (Roth, 1984) of goblet cells in normal colorectal mucosa prior to the addition of other sugar moieties which render the completed glycoconjugate (mucin goblet itself) unreactive to PNA. On the other hand colorectal carcinomas displayed a strong and direct binding of PNA to carcinoma cells in the apical linear distribution suggesting an incomplete glycosylation of cellular glycoconjugates and a carcinoma-associated alteration of the carbohydrate structure.
Carbohydrate antigens are not direct gene products but are synthesized by gene-encoded glycosyltransferase enzymes that add sugars from sugar nucleotides in a sequential manner (Nicolson, 1976; Spiro, 1969) . Thus the enhanced expression of PNA-binding sites observed in colorectal carcinomas could be due to altered glycosyltransferase activity, which in turn could change the density and perhaps the orientation of the carbohydrate antigen on a given glycoconjugate molecule thereby facilitating its detection by PNA.
In the search for putative tumour-associated glycoproteins in colorectal carcinomas we used SDS-PAGE and PNAlabelling of the resolved proteins. By this approach four main glycoproteins of low molecular weight (29kD, 3OkD, 33kD and 36kD) were identified both in normal and carcinomatous mucosa. An important finding was the four components which appeared to be associated with colorectal carcinomas. These. components were present in four out of the five carcinomas. In one carcinoma (patient c) only one carcinoma-associated glycoprotein (26kD) was detected. The molecular weights of these four polypeptides (26kD, 32kD, 35kD and 5OkD) are in close accordance with those reported by Koprowski et al., (1979) . By using monoclonal antibodies, these authors identified a bimolecular structure (39kD and 32kD) and a 36kD antigen which seemed to be exclusively associated with carcinoma cells of the colon and rectum. Paulie et al. (1983) (Nicolson, 1976) that highly active proteases are liberated from some tumour specimens during sample preparation. This activity can apparently be quenched with inhibitors of proteases as used in this study, but we currently do not have information as to the protease activity prior to solubilization of the specimens. The four carcinoma-associated glycoproteins may also be present in the normal tissue extract, but at a level below the limit of sensitivity for the detection method. On the other hand, carcinomas may contain larger amounts of incompletely glycosylated glycoproteins rather than structurally distinct glycoproteins. Currently available methods for the detection of colorectal carcinomas include sigmoidoscopy, tests for foecal occult blood and barium enema, but even with the ability to identify high risk populations, all of these methods are less than optimal, for many reasons (Winawer, 1981) . Since the discovery of CEA, several other colon-associated protein antigens have been identified, but none of these has yet shown clinical usefulness.
As yet, the role of carbohydrate antigens is unknown. Many of these carbohydrate antigens reside on mucin molecules which may circulate in serum. Therefore, the development of methods to identify multiple tumourassociated carbohydrate antigens should arm us with important tools for the serologic detection of gastrointestinal cancers.
